1. Introduction {#sec1}
===============

Asthma is an ubiquitous and important disease which is affected about 300 million people globally ([@bib27]), nearly 7--10% of population suffers from it ([@bib18]). It is a chronic inflammatory lung disease which inflames and narrows the airways ([@bib9]) and causes recurring period of shortness of breath, cough, chest tightness, wheezing, mast cells, lymphocytes, changes in the level of eosinophils, cytokines, etc. ([@bib39]). Mast cells are immune cells, play an important role in some types of allergic reaction due to the antibody the allergic reaction which IgE have the mast cells and basophils. The increasing prevalence of allergic disease in westernized countries is a significant health problem ([@bib2]).

Suitable curative therapies are not properly found to treat asthma ([@bib4]). Several studies have reported that the treatment of asthma is cost effective and modern drugs show side effects on human beings ([@bib14]). To avoid the damage with allopathic medicines, present scenario search for natural drugs which are obtained from plants ([@bib33]). Many studies revealed that the medicinal plants have great potential to treat different ailments including chronic diseases such as asthma without any side effects ([@bib17]).

Medicinal plants play an important role and main resource for new drug discovery and commonly the local practitioners are used to treat various diseases from common cold to cancer ([@bib29]). The medicinal plants are composed of both organic and inorganic constituents. Number of studies have been conducted for the activity of organic components of medicinal plants compared to inorganic compounds. The role of inorganic compounds in the treatment of various diseases has received less importance and attention. Different chemical compounds such as alkaloids, amines and glycosides are highly responsible for medicinal property ([@bib32]). In addition to these, macronutrients and trace (micro-) elements are rich source in medicinal plants and play a significant role to prevent various diseases. Trace elements are very important components in the plants for various physiological activities and cofactors in the production of enzymes ([@bib34]). The deficiency and excess amount of trace elements are also responsible for toxicity in plants ([@bib8]). So, the present study is very important to measure the trace elemental concentration and to understand the effect of trace elements on human health ([@bib32]).

The main aim of the present study is to determine the concentration of trace elements in selected medicinal plants which are used for the treatment of asthma. Seven anti-asthmatic medicinal plants were selected for the present study, namely, *Acacia catechu* (bark), *Argemone mexicana* (whole plant), *Aegle marmelos* (fruit), *Datura metel* (leaf), *Phyllanthus emblica* (fruit), *Sapindus emarginatus* (fruit) and *Senna occidentalis* (leaf) ([@bib38]).

2. Materials and methods {#sec2}
========================

2.1. Sample preparation {#sec2.1}
-----------------------

Fresh plant materials of seven medicinal plant taxa were collected from different locations of Telangana State, India. The list of medicinal plants with their botanical name, vernacular name, family name and plant parts used for the analysis was provided in [Table 1](#tbl1){ref-type="table"} and pictures in [Figure 1](#fig1){ref-type="fig"}.Table 1List of selected anti-asthmatic medicinal plants from Telangana, India.Table 1S. No.Botanical nameVernacular nameFamily namePart used1*Acacia catechu*Thella tummaFabaceaeBark2*Argemone mexicana*BrahmadandiPapaveraceaeWhole plant3*Aegle marmelos*MareduRutaceaeFruit4*Datura metel*UmmettaSolanaceaeLeaf5*Phyllanthus emblica*UsiriPhyllanthaceaeFruit6*Sapindus emarginatus*KunkuduSapindaceaeFruit7*Senna occidentalis*KasintaFabaceaeLeafFigure 1Anti-asthmatic medicinal plants: a) *Acacia catechu*; b) *Argemone mexicana*; c) *Aegle marmelos;* d) *Datura metel*; e) *Phyllanthus emblica*; f) *Sapindus emarginatus*; g) *Senna occidentalis.*Figure 1

The selected parts such as leaves, bark and fruits of medicinal plants were washed under tap water and rinsed thoroughly with double distilled water in order to remove dust, surface contamination, dried in an oven at about 60 °C overnight and subsequently powdered using Agate mortar and pestle. A quantity of pure 150 mg of each powder sample was weighted and compressed using a 150 ton hydraulic press machine and made into pellets of 13 mm dia and about 1 mm thickness. Triplicates of each sample were done. These pellets were used as targets for the EDXRF experiment. Certified values of biological reference material NIST 1515 apple leaves were used as a control for accuracy.

### 2.1.1. Experimental energy dispersive X-Ray fluorescence (EDXRF) analysis {#sec2.1.1}

Most of the techniques namely, Atomic Absorption Spectrometry (AAS), Atomic Emission/Fluorescence spectrometry (AES/AFS), Inductively Coupled Plasma Mass Spectrometry (ICP-MS), Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES), Neutron Activation Analysis (NAA), X-ray Fluorescence techniques (XRF, XPS, EDXRF, WDXRF), Proton Induced X-ray Emission (PIXE), Proton Induced Gamma-ray Emission (PIGE), etc. are generally used for trace elemental analysis present in minor quantity down to the level of ppm (parts per million) or ppb (parts per billion). Elemental analysis techniques were used in the detection of various fields of science, agriculture, engineering, mining, environmental analysis, clinical analysis, pharmaceuticals and forensic sciences. Of these, the present study reports Energy Dispersive X-ray Fluorescence (EDXRF) technique for the elemental analysis of medicinal plant samples. The EDXRF is a non-destructive tool for the quantitative and qualitative determination of major and trace elements in a wide range of sample types. EDXRF is small, simpler in design, low cost and less time to operate with high source of efficiency and process analyzers, and lack of moving parts. This technique is safe to prepare samples without wastage of chemicals by choosing energy of the exciting radiation, no need for re-calibration, permits multi-elemental analysis to be completed in less time and accuracy is high with precision compared to other techniques. Sensitivity from ppm to major elements can be optimized for a particular elemental region of interest and easy to used powerful windows inbuilt software of nEXT. X-rays are used to irradiate the sample with sufficient energy to knock out the inner shell electrons of the sample atoms. Electrons from outer shells then drop down into the vacant inner shell positions, and characteristic X-rays are emitted. This is called as x-ray fluorescence (xrf). In EDXRF, the energies of the x-rays emitted by the sample are measured using Si(Li) detector and are processed by a pulse height analyzer. The nEXT system software runs with windows operating system. It defines the composition of elements in the sample. The energy of the peak gives the identification of element and number of x-rays counted in the peak gives the amount of element present in the sample. The experimental study part was carried out at Trace Elemental Laboratory, UGC-DAE CSR Kolkata Center, Kolkata, India ([Figure 2](#fig2){ref-type="fig"}).Figure 2a) Structural diagram of EDXRF spectrometer; b) EDXRF Spectrometer at UGC, CSR-DAE, Kolkata Centre, Kolkata.Figure 2

The setup consists of Xenemetric (previously Jordan valley) EX-3600, energy dispersive X-ray fluorescence (EDXRF) spectrometer, which consists of oil cooled Rh anode X-ray tube (maximum voltage 50 KV, current upto 1mA). The measurements were carried out in vacuum chamber using different filters (between the source and sample) for optimum (1--10 ppm) detection of elements. Si(Li) detector with a resolution and enhanced modular signal processor (emsp) of 143 eV at 5.9 k eV and 10 samples turret enables mounting and analyzing 10 samples at a time.

The targets were positioned at an angle of 45° to the beam direction. The X-ray beam was collimated to a diameter of 4 mm and was made to fall on the targets. The detector was kept at an angle of 45° to the target position and at an angle of 90^0^ to the X-ray beam direction. The characteristic X-rays emitted from each sample were recorded with a high resolution Si(Li) detector which has sensitive area of 30 sq mm and provided with a thin beryllium window of 8 mm thickness. The spectra were collected for a sufficiently long time so that good statistical accuracies can be achieved. The quantitative analysis is carried out using nEXT software ([@bib37]).

3. Results and discussion {#sec3}
=========================

In the present study, 13 trace elements P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, Se, Br, Rb and Sr were determined and measured their concentrations using EDXRF technique. The results of average concentrations and EDXRF spectrum of trace elements were shown in [Table 2](#tbl2){ref-type="table"}, and [Figure 3](#fig3){ref-type="fig"}, respectively. These results compared with certified values of NIST 1515 apple leaves for accuracy which gives good agreement within the standard values. Analysis of present investigation documents a wide range of variation in their elemental concentrations in different plant species. Toxic elements namely Cd, Pb, Hg and Sn were not detected in present selected medicinal plants. The concentration of K, Ca, S, P, Fe, Cu, Cl and Sr are high and remaining elements are present at minor level in all medicinal plants ([Table 2](#tbl2){ref-type="table"}). Trace elements are essential micronutrients that exist in very low concentrations in the body, forming less than 0.01% of the total body weight ([@bib24]). They play an important role in inflammation, various physiological processes, and are crucial for proper functioning of the immune system may affect asthma status ([@bib16]). Copper (Cu), Selenium (Se), Zinc (Zn) and Manganese (Mn) have been hypothesized to play important roles in the pathogenesis of asthma ([@bib11]). Changes in patterns of dietary consumption, associated with development of a more affluent lifestyle, may have contributed to the rise in asthma over the past few decades ([@bib35]; [@bib7]). Although a good number of studies have been examined the possible role of dietary micronutrients and antioxidants in asthma, little data is present about the influence of either the severity of the disease or its treatment on intake and on the plasma levels of these micronutrients. These data suggest that study on the association between micronutrient and asthma is essential to support the information of trace elements.Table 2Elemental concentrations (in ppm) in the selected medicinal plants with their standard deviation (SD) and compared with standard reference material of NIST 1515 apple leaves.Table 2Sample codeSample namePSClKCaMnFeCuZnSeBrRbSrTET*Acacia catechu*143.53 ± 70927.83 ± 1141078 ± 1385546.59 ± 60712644.05 ± 149067.33 ± 5.89181.54 ± 11.9627.77 ± 3.87.44 ± 0.580.33 ± 0.294.22 ± 0.184.48 ± 2.0296.54 ± 3.96ARG*Argemone mexicana*1222.27 ± 1471706.31 ± 86.0934427.76 ± 452416211.39 ± 67612296.83 ± 44913.2 ± 0.10116.14 ± 0.817.45 ± 0.5217.23 ± 1.480.12 ± 087.03 ± 0.5012.69 ± 1.46244.19 ± 11.27MAR*Aegle marmelos*955.08 ± 46.32481.21 ± 41.18579 ± 013184.47 ± 447.62736.29 ± 110.17135.74 ± 13.36691.74 ± 19.606.58 ± 0.669.45 ± 1.571.46 ± 1.241.33 ± 0.9114.63 ± 0.3417.57 ± 1.32DTR*Datura metel*1464.34 ± 1356537.69 ± 4704916.51 ± 27019786 ± 6246772.73 ± 11524.33 ± 0.7264.06 ± 16.210.60 ± 0.541.16 ± 1.050.39 ± 0.414.25 ± 1.4620.23 ± 2.0927.76 ± 2.7PLE*Phyllanthus emblica*205.5 ± 117360.06 ± 89.12908.05 ± 569.936448.68 ± 5791210.26 ± 87.2511.66 ± 0.3658.34 ± 2.276.05 ± 1.457.02 ± 1.190.12 ± 0.0058.15 ± 0.487.67 ± 0.157.82 ± 1.75KN*Sapindus emarginatus*1983.31 ± 10271348.24 ± 396.1579 ± 011364.72 ± 20641745.95 ± 281.697.15 ± 1.91135.47 ± 17.7210.24 ± 0.9421.51 ± 1.140.74 ± 0.530.40 ± 0.698.24 ± 1.283.47 ± 0.56OTL*Senna occidentalis*2011.75 ± 12078970.59 ± 67593226.25 ± 98511641.78 ± 172612153.87 ± 133373.08 ± 2.85148.06 ± 0.827.84 ± 0.82043.52 ± 3.490.53 ± 0.589.39 ± 0.9317.30 ± 1.5780.97 ± 3.09NISTNIST 1515 apple leaves15901800579161001526054.00835.6412.500.051.8010.2025.00[^2]Figure 3EDXRF spectrums of select anti-asthmatic plants.Figure 3

Acquiring EDXRF spectra is the first and one of the important steps performed in both qualitative and quantitative analysis. Acquisition parameters which are used to capture the spectra determine the spectra profile and parameters and generally chosen to enhance the counts obtained for the elements. Since spectra acquisition is central to both qualitative and quantitative analysis. Energy range is the range of where the spectrum is acquired, it does not necessarily cover the entire range of the radiation emitted from the sample. Generally the range that includes the energies of all the analyzed peaks should be selected. There are 3 energy ranges exists in the system, i.e. 0-10 k eV is the parameter of e-1, 0--40 k eV is the parameter of e-2 and 0--60 k eV is the parameter of e-3. Low energy ranges offer somewhat improved resolution for low Z-elements.

In [Figure 2](#fig2){ref-type="fig"}, the EDXRF spectrum of Left panel consists the energy range of 0--10 k eV, in that energy range exits only certain elements. In Middle, the EDXRF spectrum consists of the energy range of 0--40 k eV in that energy range also exits some elements. In Right, the EDXRF spectrum consists of the energy range of 0-60KeV in that energy range they exits heavier Z-elements.

3.1. Elemental analysis {#sec3.1}
-----------------------

### 3.1.1. Phosphorus (P) {#sec3.1.1}

High concentration of P (2011.75 ± 1207 in ppm) found in *Senna occidentalis* whereas low concentration is observed in *Acacia catechu* (143.53 ± 70 in ppm). *Datura metel* has permissible level of phosphorus (1464.34 ± 135 in ppm). Concentration of P is varied in between of 2011.75 ppm to 143.53 ppm which are compared with standard reference material NIST 1515 apple leaves ([Table 2](#tbl2){ref-type="table"}) ([Figure 4](#fig4){ref-type="fig"}a). Excess and deficiency of trace elements may lead to abnormal development in the human body. Excess P can cause heart disease and deficiency of P may get bone related diseases.Figure 4The graphs show the essential elemental concentrations in select anti-asthmatic plant samples with NIST 1515 (apple leaves) Standard value. a) Phosphorus (P); b) Sulphur (S); c) Chlorine (Cl); d) Potassium (K); e) Calcium (Ca); f) Iron (Fe); g) Copper (Cu); h) Zinc (Zn) concentrations.Figure 4

### 3.1.2. Sulphur (S) {#sec3.1.2}

The concentration of S varies in between 8970.59 ± 6759 ppm to 360.06 ± 89 ppm. High concentration of S is found in *Senna occidentalis* (8970.59 ppm) and low concentration is noticed in *Phyllanthus emblica* (360.06 ppm). *Argemone mexicana* plant material has sufficient S concentration (1706.31 ± 86.09) ([Figure 4](#fig4){ref-type="fig"}b). Sulphur helps in protecting the cells in the body from environmental hazards such as heavy radiation and pollution ([@bib19]). Relatively high quantities of S are required, but there is no RDA (recommended dietary allowance) for sulphur it is a critical nutrient is obtained from used amino acids. Although there is no official RDA for S, it is parlous nutrient. The S deficiency can lead to a number of health problems and without sufficient S you may experience joint pain.

### 3.1.3. Chlorine (Cl) {#sec3.1.3}

The concentration of Cl is maximum in all plant samples and highest concentration of Cl was found in *Argemone mexicana* (34472.76 ppm). *Aegle marmelos* (579 ppm) and *Sapindus emarginatus* (579 ppm) have equal concentration as that of standards reference material (579 ppm). These are compared with standard reference material of NIST 1515 apple leaves ([Figure 4](#fig4){ref-type="fig"}c). DRI (Dietary Reference Intake) of Cl is 3.6 g/d. Chlorine helps man to digest his food properly and to absorb other important elements and that he need to survive ([@bib19]). Excessive chloride levels on the other side can results in water retention.

### 3.1.4. Potassium (K) {#sec3.1.4}

The range of K concentration changed between 19786 ± 624 ppm to 5546.59 ± 607 ppm. The concentration of K is high in *Datura metel* (19786 ppm) plant and low concentration is observed in *Acacia catechu* (5546.59 ppm). *Argemone mexicana* has sufficient K concentration (16211.39 ppm). Dietary reference intake (DRI) of K is 4.7 g/d ([Figure 4](#fig4){ref-type="fig"}d). Potassium is a major element in all plant samples and it is extremely important to cells and without it we could not survive. K participates actively in the maintenance of cardiarhythm ([@bib36]) and deficiency of K may cause weakness as cellular processes are affected. Excess of K can cause Hyperkalemia ([@bib6]).

### 3.1.5. Calcium (Ca) {#sec3.1.5}

The maximum concentration of Ca is noticed in *Acacia catechu* (12644.05 ppm) sample and minimum concentration in *Phyllanthus emblica* (1210.26 ppm) ([Figure 4](#fig4){ref-type="fig"}e). Calcium is an important mineral for normal functioning of human body and plays a key role on the electrophysiology of cardiac tissue ([@bib30]).

### 3.1.6. Manganese (Mn) {#sec3.1.6}

The Concentration of Mn is high in *Aegle marmelos* (135.74 ppm) and low concentration is found in *Sapindus emarginatus* (7.15 ppm). *Acacia catechu* and *Senna occidentalis* has sufficient concentration of Mn ([Table 2](#tbl2){ref-type="table"}). Mn is very essential trace element used for reproduction and normal ducting of the central nervous system ([@bib19]). It is mainly present in mitochondria. RDA of Mn is 1.2 mg/d for females and 2.3 mg/d for males ([@bib10]). Deficiency of Mn can causes for humans myocardial infarction and other cardiovascular diseases. Toxic exposure to Mn containing dust produces hallucinations, psychosis and neurological symptoms resembling Parkinson\'s disease ([@bib10]). Mn overload is generally toxic in brain it can cause a Parkinson type syndrome ([@bib1]).

### 3.1.7. Iron (Fe) {#sec3.1.7}

The concentration of Fe is Maximum in *Aegle marmelos* (691.74 ppm) and minimum concentration of Fe is found in *Phyllanthus emblica* (58.34 ppm). All medicinal plants had maximum concentration of Fe except *Phyllanthus emblica* plant sample. Iron is a necessary trace element found in nearly all living organisms ([Figure 4](#fig4){ref-type="fig"}f). Recommended Dietary Allowances (RDA) of Fe is 8 mg/d for males and 18 mg/d for females ([@bib31]). Iron containing enzymes and proteins, often containing heme prosthetic groups participate in many biological oxidations and in transport. Proteins found in higher organisms include hemoglobin, cytochrome and catalase ([@bib15]). Excess amount of Fe causes rapid increase pulse rate, coagulation of blood vessels, hypertension and drowsiness ([@bib23]). Generally iron deficiency is very dangerous associated with impairment in the immune system and increased by physiological requirements ([@bib32]).

### 3.1.8. Copper (Cu) {#sec3.1.8}

The permissible limit of copper for plants is 10 mg/kg recommended by World Health Organization ([@bib15]). Cu is the third largest trace element found in human body (after Iron and Zinc). It is a major component of the oxygen carrying part of blood cells ([@bib19]) and main constituent of bone, connective tissues, brain, heart and other body organs ([@bib22]). The concentration of Cu is high in all the selected plant materials and Cu has very high in *Acacia catechu* plant sample (27.77 ppm) ([Figure 4](#fig4){ref-type="fig"}g). Cu deficiency occurs due to malnutrition, malabsorption disorders, liver damage, depigmentation of hair and skin.

### 3.1.9. Zinc (Zn) {#sec3.1.9}

The high concentration of Zn was found in *Senna occidentalis* (43.52 ppm) whereas low is found in *Phyllanthus emblica* (7.02 ppm), compared with standard values of NIST 1515 apple leaves (12.50 ppm) ([Figure 4](#fig4){ref-type="fig"}h). Zn is crucial to play vital processes, playing a unique role in growth, development, release and use of hormones in the body, wound healing and the reduction of skin irritation ([@bib25]; [@bib28]). Zinc is defined as an essential trace element or micronutrient and it is indispensable to growth and development of microorganisms, plants and animals. Excess Zn may cause toxic for human health and deficiency of Zn associated with decreases in cell proliferation. Zn deficiency can cause growth retardation, skin rash like dermatitis, diarrhea, hypogonadism and acrodermatitis and toxicity of Zn leads to Cu deficiency, swelling, gastritis fever, nausea and vomiting ([@bib10]). Zn deficiency affects the regulation of T-cell lymphocytes, biochemical functions and for optimal activity of the immune system. Zn plays a key role in DNA and protein synthesis and involved with copper as cofactors in several important enzyme systems ([@bib3]; [@bib13]).

### 3.1.10. Selenium (Se) {#sec3.1.10}

The maximum concentration of Se is observed in *Aegle marmelos* (1.46 ppm) and all the plant samples had higher concentration than that of standard reference. Se exists at very trace level in all plant samples. Se might be able to prevent the development of diabetes and cancer. Se is known for its protective action against oxidative stress ([@bib26]). Se deficiency contributes to heart diseases ([@bib12]).

### 3.1.11. Bromine (Br) {#sec3.1.11}

The maximum concentration of Br is found in *Argemone mexicana* (87.03 ppm) and minimum is observed in *Sapindus emarginatus* (0.40 ppm). Though Br is a non-essential element for living organisms ([@bib5]), obviously harmful to human health in excess amount such as malfunction of nervous system and genetic material disturbance.

### 3.1.12. Rubedium (Rb) {#sec3.1.12}

The maximum concentration of Rb is found in *Datura metel* (20.23 ppm) and minimum in *Acacia catechu* (4.48 ppm). Rb is a non-essential element for human organism and causes eye and skin burns ([@bib36]).

### 3.1.13. Strontium (Sr) {#sec3.1.13}

Sr concentration is very high in *Argemone mexicana* (244.19 ppm) and very low in *Sapindus emarginatus* (3.47 ppm). *Datura metel* had sufficient concentration of Sr (27.76 ppm). The excess amount of Sr may cause anaemia and deficient of oxygen.

4. Conclusion {#sec4}
=============

The main aim of the present original research work is to analyze trace elements namely P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, Se, Br, Rb and Sr using EDXRF spectrometer and to estimate their elemental concentrations in ppm level. There is a substantial difference in elemental concentration of medicinal plants in the present study. The variation in elemental concentrations is mainly attributed to the differences in chemical structure, mineral composition of the soil, the place where they grow, the climatic conditions, age, water in which the plants are cultivated and environment effect. The conventional treatment of asthma disease have many short coming side effects, cost effective and high rates of secondary failure on the other hand herbal extracts are expected to have similar efficacies without the side effects. The trace elemental concentrations of medicinal plants are almost near to the concentrations of standard reference material of NIST 1515 apple leaves. The present data will be helpful for the physicians to prescribe the type of extract, exact dosage, and combination of such medicinal plants. Further studies on the relation between asthma disease and trace elements are needed to understand the details of potential with traditional use. Finally, the present study concludes that their no excess quantities of toxic elements are investigated and major and minor trace elements in present medicinal plants are not harmful to human health. The present study will be very useful for phytochemists, pharmacology and ayurvedic clinicals who would like to pursue further study in the area of herbal and alternative medicines.
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